Abstract The purpose of investigation was to assess the phytochemical and nutraceutical of walnut in leaf extracts through diverse quantitative and qualitative phytochemical tests followed by array of assays. , IMR-32 and HBL-100 and then compared with the walnut extracts for their efficiency in anti-proliferative activity. The SPS 1 walnut extract at concentration of 500 lg/ml exhibited 10% cell viability and with 1000 lg/ ml walnut extract there was consequent decline towards (6.25%) viability. The results indicated that walnut leaf constitutes an excellent source of effective natural antioxidants and chemo-preventive agents that can act as anti cancer agents.
Introduction
Juglans regia L. is conventionally cultivated as fruit having high nutritional value and for procurement of commercial wood. Kernel of walnut contains high protein and oil content which categorizes it as vital for human nutrition. Consequently, the walnut is categorized as a premeditated species for human diet and is integrated in the FAO inventory of precedence plants (Ramos 1985) . Walnuts are nutritionally known for predominant concentrations of fats, proteins, vitamins and minerals. Besides, walnut possesses high content of phytochemicals like flavonoids, sterols, phenolics acids and associated polyphenols (Cerda et al. 2005) . Walnut seeds are popularized as nutraceutical due to depressing effect on total and LDL-cholesterol and escalating effect on HDL-cholesterol which in turn declines the possibility of coronary disease (Davis et al. 2007 ). Walnut has been found to exhibit anti-cancer activities probably due to higher amounts of antioxidants in walnut oil (Miraliakbari and Shahidi 2008) . Indeed, many components of the walnut tree display antioxidant prospective, counting with the shoot, kernel and bark. All the parts of walnut tree exhibit antioxidant and antimicrobial prospective, in addition to its anti-proliferative, anti-nociceptive, anti-asthmatic, hepato-protective, anti-diabetic, anti-fertility, antiinflammatory, lipolytic and numerous other characteristics it positively influence human health (Vinson and Cai 2012) . Walnuts have elevated levels of omega-6 and omega-3 PUFA, which are indispensable for dietary fatty acids (Kaur et al. 2014) . Clinical research recommends that omega-3 PUFA have considerable function in anticipation of coronary heart disease (Hallahan et al. 2016) . Walnuts are renowned as compared to other nuts due to higher concentration of polyunsaturated fat content prominently a-linolenic acid ALA levels together with antioxidants like tocopherol (Amarowicz et al. 2017) .
Walnut fruits are rich in phenolic compounds (Slatnar et al. 2015) . Phenols are significant phyto-constituents owing to their scavenging competence on free radicals owing to their hydroxyl groups. Consequently, plant phenolics may possibly add persistently to their antioxidant action (Kubola and Siriamornpun 2008) . The data describe positive correlation between concentrations of phenolics in walnut leaves with respective antioxidant potential. Walnut leaves are extensively used as conventional medicines as antimicrobial, antihelmintic, astringent, keratolytic, antidiarrhoeal, hypoglycaemic, depurative, carminative, haemorrhoidal symptomatology, sinusitis and stomach pain (Wenzel et al. 2017) . Moreover, the researches in pharmacology and therapeutics have shown that J. regia leaves have hypoglycaemic, antioxidative, antimicrobial, and antihypertensive effects.
Juglans regia L. leaves are good sources of flavonoids (Abuajah et al. 2015) . In addition to their metabolic functions, flavonoids are premeditated to be significant compounds in the human nutrition, even though they are usually recognized as non-nutrients. Flavonoids have effectual antioxidant potential, which have been connected to variable immune role and increasing anticancer action. In addition, numerous pharmacological consequences have been attributed to flavonoids, for instance central vascular effects and anti-inflammatory, anti-hepatotoxic, anti-tumor, antimicrobial, antiviral and enzyme-inhibiting functions (Uysal et al. 2016 ).
Quercetin, the major component of the flavonol, subclass of flavonoids, is a universal nutritional constituent. It has been recurrently utilized as a representative component exhibiting the defensive potential of flavonoids. Quercetin has extensive assortment of natural potential, which comprise compelling antioxidant, anti-diabetic, anti tumour, antiviral efficacy (Hossen et al. 2015) . Quercetin also exhibit anti-proliferative potential in vitro against ovarian, breast and stomach cancer cell lines (Filipa Brito et al. 2015) . Keeping in view all these nutritional facts, our research study intends to evaluate the bioefficacy of walnut as fruit as well as its leaves as potential phytochemical.
Materials and method
Sample collection, preparation and experimental reagents Fifty walnut genotypes were selected from experimental field genebank of Central Institute of Temperate Horticulture, Rangreth, Srinagar (Jammu and Kashmir), India representing local selections and exotic varieties (Table S1 , Fig.SI ). These genotypes of J. regia L., were evaluated and multiplied under different eco-geographical positions transversely the state of Jammu and Kashmir, India.
Chemicals and reagents
Methanol, Ethanol, Gallic acid, Folin-Ciocalteu, Sodium Carbonate, Aluminium chloride, potassium acetate, TPTZ (2,4,6-tripyridyl-s-triazine), Ferric chloride, Hydrogen chloride, Ferrous sulphate, Ascorbic acid, DPPH (1,1-diphenyl-2-picryl-hydrazyl). Quercetin was obtained from Sigma, Germany); 1,1-Diphenyl-2-picryl-hydrazyl (DPPH) was obtained from Sigma Aldrich Co., St Louis, USA. All chemicals and reagents utilized in the experiments are of analytical grade.
Preparation of extracts
Finely powdered and air-dried leaf material was taken for experiments. Fine powder of 3 g was ground with a pestle and mortar in 50 ml of methanol stirred for 1 h on a magnetic stirrer and kept overnight. Centrifugation for 15 min at 4000 rpm was used to collect the supernatant and filtered through a Whatman filter paper. The solvent was vaporized by using a rotary evaporator to obtain a semisolid slurry sort of extract. Each extract was freshly prepared to avoid extra sample dilapidation.
Determination of total polyphenolic content (TPC)
Total phenol contents of different leaf extracts of walnut were calculated by the modified Folin-Ciocalteu method (Omoruyi et al. 2012) . 1 ml of each extract (1 mg/ml), 5 ml of Folin-Ciocalteu reagent (previously diluted with distilled water 1:10 v/v) and 4 ml (75% w/v) of sodium carbonate (Na 2 CO 3 ) were mixed together. The tubes were then vortexed and kept for 30 min at 40°C for colour development. Absorbance was then measured at 765 nm using spectrophotometer. Gallic acid in the range of 0-400 mg/l was used for calibration of standard curve. The results were expressed as mg of gallic acid equivalents/g of dried leaf sample.
Determination of total flavonoid and flavonols content
Total flavonoids in the walnut leaf extract was determined using the method of Chang et al. (2002) which is based on the formation of flavonoid-aluminium complex. 1.5 ml of methanol (60%), 1 ml of 2% aluminium chloride, and 6 ml of 5% potassium acetate was mixed with 1 ml of the extract (1 mg/ml) or quercetin (standard flavonoid compound), and the mixtures were allowed to stand at room temperature for 40 min for yellow colour development which indicated the presence of flavonoid. The absorbance was then measured at 415 nm using spectrophotometer. Quercetin at concentrations of 0, 25, 50, 100 and 200 ppm in methanol was used for calibration of standard curve. Same method was employed for flavonol determination but the incubation period was 150 min instead of 40 min and the absorbance was measured at 440 nm. Total flavonols was also expressed in terms of quercetin equivalent (mg/g), which is the common reference compound.
Antioxidant activity Ferric reducing antioxidant potential (FRAP) assay
The FRAP assay was done using the Benzie and Strains method (1996) with minor modification. The FRAP reagent was prepared by mixing sodium acetate buffer (300 mmol/ l, pH 3.6), 10 mmol/l TPTZ solution in 40 mmol/l HCl and 20 mmol/l FeCl 3 solution in ratio of 10:1:1 (v/v), respectively. The FRAP reagent was freshly prepared and was warmed to 37°C in a water bath before use. 200 ll of extract was mixed with 1.8 ml of the FRAP reagent. The absorbance was then measured at 593 nm after 40 min. FeSO 4 solution (0, 40, 80, 160, 320 , 640 lmol/l) was used for calibration of standard curve.
DPPH scavenging activity
DPPH free radical scavenging assay was measured using the procedure with slight modifications (Xu et al. 2012 ).
The diluted working solutions of the test extracts were prepared in methanol at a conc. of 15 lg/ml. Ascorbic acid in the conc. range of 1, 2, 4, 6, 8, 10 & 15 lg/ml was used as a standard. 1 ml of the extract was mixed with 1 ml of 0.002% DPPH solution dissolved in methanol. The mixture was shaken vigorously and incubated in the dark at room temperature for 30 min and the absorbance was measured at 517 nm using spectrophotometer. The decrease in absorbance of DPPH on addition of test samples in relation to the control was used to calculate the antioxidant activity, as percentage inhibition (%IP) of DPPH radical. Percentage Inhibition (%IP) = [(A t=0 -A t=15 )]/(A t=0 ) * 100 where A t=15 : absorbance of the test sample after 15 min; A t=0 : absorbance of the control after 15 min. Furthermore, the scavenging activity percentage (AA%) was determined (Mensor et al. 2001) . AA% = 100 -[(Abs sample --Abs control )/Abs blank * 100] where mixture of methanol and DPPH in the ratio of 1:1 served as blank and mixture of standard (Ascorbic acid) and DPPH in the ratio of 1:1 was used as control. Here, the concentration of test sample as well as standard used was 15 lg/ml.
Oil content
The oil content of nuts was determined using the extraction method with Soxhlet apparatus. The oil contents of 5 g of walnut kernel were extracted by petroleum ether (b.p. 40-60°C) in a Soxhlet apparatus, the remaining solvent was removed by vacuum distillation. Weight difference of tubes before and after the experiment was considered as oil content.
Morphological analysis
5-10 nuts from each tree were randomly collected during the harvest season and evaluated for nut characteristics such as nut weight, nut length, nut diameter, nut shape, kernel weight, kernel percentage and shell strength according to the walnut international descriptor (Eriksson 1998) .
Extraction and isolation of quercetin
Sample and standard preparation for HPLC Extracted leaf samples were dissolved in HPLC grade methanol at final concentration of 100 ppm. The standard was prepared as 100-500 ppm quercetins in HPLC grade methanol as per calibration. Samples were filtered through 0.2 lm syringe filters and then 10 ll filtered sample was injected into an HPLC coupled to a PDA detector.
HPLC analysis
The analysis was carried out in a Shimadzu HPLC (Kyoto, Japan) equipped with quaternary pumps, degasser coupled to a photo-diode-array detector and injection valve with a 20 ll loop. Separation was carried out with an injection volume of 10 ll, a flow rate of 1.1 ml/min with 10 min of run time. The analysis was carried out thrice for each sample. Quercetin was detected at 262 nm and the retention time was 1.915 min. Quercetin standard were obtained from Sigma Aldrich. Chromatographic separations were performed on C18 (250 mm 9 4.6 mm), 5 lm column using a solvent system consisting of 60% methanol, 20% acetonitrile and 20% water in an isocratic mode. The mobile phase was filtered through a 0.45 lm membrane filter (Millipore, Bedford, MA, USA) and subjected to ultrasonication for 40 min. Class WP software (version 6.1) from Shimadzu was used for instrument control, data acquisition and data processing. Quantitative determinations were made by taking into account the respective peak areas of standards at particular retention time versus concentration and expressed in mg/g of walnut leaves.
Preparation of extracts for cell culture
The six samples showing the maximum phenolics content were further used for cell culture experiments. Extracts were weighed and stocks were prepared at a concentration of 100 mg/ml in dimethyl sulfoxide (DMSO).
Cell culture
The human monocyte THP-1 cells were cultured as suspension culture in RPMI-1640 medium. Other cell lines (IMR-32, HBL-100 and U2OS) were grown as monolayer in DMEM. Both the media were supplemented with fetal bovine serum (10%), penicillinstreptomycin (1%) in a humidified atmosphere of 5% CO2 at 37°C. The medium was changed every 2 days or until the cells attained 80-90% confluency. The cells were counted by haemocytometer and seeded at a concentration of 1 9 10 5 cells/ml.
Trypan blue cell viability assay
The cell viability of THP-1 cells was assayed by trypan blue exclusion test. This assay enables us to accurately determine the cell viability. Cell viability is calculated as the number of viable cells divided by the total number of cells within the grids on the hemacytometer. The THP-1 cells (1 9 10 5 cells/ ml) were plated in a 24-well plate and treated with 0, 0.5 and 1 mg/ml of the methanolic walnut extract for 24 h. Then 0.1 ml of trypan blue was added to 1 ml of cells in the ratio of 1:10. This was followed by loading of cell-dye mixture on a hemacytometer. The cells were counted and the numbers of viable cells were calculated by the given formula. The experiment was repeated in triplicate.
% viable cells ¼ Number of total cells ð ÀNumber of blue cells=Number of total cellsÞ Â 100:
MTT assay
Anti proliferative activity of walnut extracts on human cancer cells (neuroblastoma cells IMR-32; human mammary epithelial cells HBL-100; human osteosarcoma U2OS) was determined by MTT assay as described previously by van Meerloo et al. (2011) with slight modification. MTT is a yellow water-soluble dye that is reduced to an insoluble coloured (dark purple) product, MTT-formazan in viable cells by the action of mitochondrial enzyme succinate dehydrogenase. This is a colorimetric assay that measures the reduction of yellow
Since formazan is an insoluble dye, so an organic solvent like Isopropanol is added to the cells in order to solubilise it and the released solubilized formazan is measured spectro-photometrically. Since reduction of MTT can only occur in metabolically active cells the level of activity is a measure of the viability of the cells.
In this assay, IMR-32, HBL-100 and U2OS cancer cells were seeded in 12-well plates (1 9 10 5 cells/ml) and treated with 0, 1 and 2 mg/ml of the methanolic extract. Cells treated with 0.5% DMSO served as the solvent control. Ethyl Pyruvate (0.6 ll) was used as a positive control and untreated cells were treated as negative control. The cells were incubated for 24 h after drug treatment. Then 200 ll (5 mg/ml) of MTT solution was added to each well and allowed to incubate at 37°C for 2-3 h in a CO2 incubator. The media was aspirated out and 200 ll of acidified isopropanol was added. The plate was placed in dark on shaking rotor. Finally 50 ll of solution was harvested from 12-well plate and transferred to 96 well plate and absorbance was measured at 570 nm using 495 nm as reference in plate reader spectrophotometer. The experiment was repeated in triplicate. Cell viability was measured as the percentage of absorbance compared to control.
% Cell Viability ¼ Absorbance of sample ð =Absorbance of controlÞ Â 100:
Griess cytotoxicity assay
Additionally, in order to understand the anti-proliferative activity of walnut extracts, Nitric Oxide (NO) production of IMR-32, HBL-100 and U2OS cancer cell lines was determined as described previously by van Meerloo et al. (2011) . This assay is based on two-step diazotization reaction in which nitrite is first treated with sulfanilamide (diazotizing reagent) in acidic media to form a transient diazonium salt. Then this intermediate is treated with Nnaphthyl-ethylenediamine (coupling reagent) to form a stable azo compound (purple in colour). In this assay, the culture supernatant (100 ll) from various treated groups of previous MTT experimental set up and 100 ll of Griess reagent were mixed and incubated for 30 min in dark for colour development. Then the absorbance of the reaction mixture was measured at 540 nm using an ELISA plate reader. The experiment was repeated in triplicate.
ÀAbsorbance of Sample=Absorbance of ControlÞ Â 100:
Statistical analysis
In this study, the data was subjected to various statistical tests like cluster analysis and correlation was carried out to conclude the data so as to ascertain the superlative genotypes exhibiting with high antioxidant potential estimated via DPPH and FRAP assay. All the experiments were carried out thrice. The results were represented as mean values and standard error of the mean. The existence of significant differences among the results for total phenols, flavonoids, flavonols, quercetin, oil content and the antioxidant properties of the extracts was analysed. The results obtained were subjected to one-way analysis of variance (ANOVA) and Duncan's test were used. All statistical tests were done using SAS Enterprise Guide 4.2, SPSS 13 (SPSS Inc., USA) and OP-STAT software at a 5% significance level. Correlation analysis was carried out using Pearson's test.
Results

Morphological characterization of walnut
Morphological analysis was carried out on the basis of some main qualitative and quantitative traits. The nut weight ranged from 4.82 g (BB-2) to 24.27 g (NDPB-1) and kernel weight ranged from 2.44 g (CITH W24) to 10.76 g (NDPB-1). Nut length ranged from 27.86 cm (SKUA 0020) to 56.83 cm (CWS 7) and nut diameter ranged from 22.10 cm (CWS 9) to 39.13 cm (NDPB-1). In terms of the morphological characteristics, kernel and nut weight are the significant characteristics for evaluation of kernel fraction which ranged from 25.21% (CithW24) to 81.92% (BB-2). Nut shape varied greatly among genotypes. Majority of the nuts were round or elliptical in shape where as few were found to be oblate in shape. Shell strength also varied greatly among genotypes. Most nuts were found to possess weak shell strength whereas few nuts were found of intermediate to strong shell strength. Detailed description of morphological characters of selected 50 walnut genotypes is given in Table 1 .
Oil content
The oil content of the investigated nuts ranged from 50.1 (Cith W2) to 85.08% (GLS-6). Data are present in Table 2 . On the basis of the estimated oil content, walnut genotypes were classified into three categories; 12 superlative genotypes exhibiting 70-85% oil, 8 good genotypes exhibiting 60-70% oil and 35 average genotypes exhibiting 50-60% oil.
Phytochemical determinations
Total phenols, flavonoids, and flavonols
The phenolic content of the walnut (J. regia) leaf extract ranged from 37.61 mg/g gallic acid equivalent (SKUA 3) to 46.47 mg/g GAE (WGB 13). On the basis of the estimated phenolic content, walnut genotypes were classified into three categories; 8 superlative genotypes exhibiting 43-47 mg/g GAE, 23 good genotypes exhibiting 40-43 mg/g GAE and 19 average genotypes exhibiting 37-40 mg/g GAE of walnut leaf extract ( Table 2 ). The complete phenolic composition of varied extracts were determined as milligram gallic acid equivalent (mg GAE/g dry weight of plant extract via the subsequent formulae from the calibration curve: Y = 0.00050x ? 0.00262; R2 = 0.99637, where Y is the absorbance and x is the gallic acid equivalent in mg/g.
Total flavonoids and flavonols of the extract ranged from 5.52 (SKUA0023) to 28.48 (KB1) mg/g quercetin equivalent and 4.11 (SKUA23) to 21.76 (KB1) mg/g QE respectively. On the basis of flavonoid content, walnut genotypes were classified into three categories; 9 superlative genotypes displaying 20-30 mg/g quercetin equivalent, 30 good genotypes exhibiting 10-20 mg/g QE and 11 average genotypes exhibiting 5-10 mg/g QE. Following the data on flavonol content, walnut genotypes were classified into three categories; 10 superlative genotypes 
Quantification of quercetin in walnut leaves by RP-HPLC
Quercetin
The total quercetin content of the leaf extract of 50 walnut genotypes ranged from 2.86 mg/100 g (Cith W 16) to 5.78 mg/100 g (SKUA20). The minimum quercetin content of 2.86 and 2.91 mg/100 g was displayed by genotypes Cith W16 and CPB4 respectively. Similarly the maximum quercetin content of 5.11, 5.23, 5.67, 5.67 and 5.78 mg/ 100 g was displayed by genotypes BB2, Brus10, Sulaiman, SKUA24 and SKUA20 respectively.
Antioxidant potential of walnut
Antioxidant activity (DPPH free radical scavenging activity)
Higher and lower percentage of scavenging potential about 73.50 (NDPB1) and 32.82 (CWS7) respectively was recorded in walnut leaf extract which was appreciably higher than reference compound ascorbic acid. On the basis of the estimated percent inhibition, walnut genotypes were classified into three categories; 8 superlative genotypes exhibiting 60-75 percent inhibition (PI), 22 good genotypes exhibiting 45-60 PI and 20 average genotypes exhibiting 30-45 PI. Furthermore, the scavenging activity percentage (AA%) also followed the same trend as % Inhibition. (2)/g dry weight of plant extract via subsequent formulae determined on calibration curve: Y = 0.0017x -0.00073; R 2 = 0.9986 in which Y stands for absorbance and x is the lM Fe 2? /g FW.
Ferric reducing antioxidant potential (FRAP)
FRAP
Screening of walnut extract for immunostimulation of monocytes
Among the diverse phytochemicals procured from plants, polyphenols are known to be most active candidates against cancer. Quercetin also exhibited anti-proliferative potential in vitro against ovarian, breast and stomach cancer cell lines. Walnut possess anti-cancerous activity may be due to the presence of various chemical constituents such as omega 3 fatty acids, vitamin E (mainly the c-tocopherol form), phytosterols, juglone, ellagic acid, gallic acid and flavonoids (quercetin, carotenoids and melatonin). So in order to evaluate the anti-proliferative potential of walnut genotypes, Trypan blue exclusion test, MTT anti-proliferative assay and Griess assay was performed. Each assay was repeated with different positive controls against a panel of human cancer cell lines viz THP-1, U2OS, IMR-32 and HBL-100 and then compared with the walnut extracts for their efficiency in anti-proliferative activity.
Anti-proliferative activity of walnut extracts on human cancer cell lines GAE of walnut leaf extract as represented in Table 2 . The six genotypes represented by superlative category (WGB 13, SULAIMAN, CITH W16, GKS 1, AMC 5 and SPS 1) were further used for determining anti-proliferative activity of methanolic extracts of walnut leaves against a panel of human cancer cell lines. The cell viability of human monocytic THP-1 cells was assayed by means of trypan blue exclusion test (Fig. 1) . It was observed that the extracts resulted in loss of cell viability in a concentrationdependent manner. As the concentration of walnut extracts increased from 0 to 1000 lg/ml, the cell viability decreased progressively and the maximum decrease in cell viability was obtained with extract SPS 1. The SPS 1 walnut extract at concentration of 500 lg/ml exhibited 10% cell viability and with 1000 lg/ml walnut extract there was consequent decline towards (6.25%) viability. Keeping in view the potential anti-proliferative activity of extract SPS 1, it was further used to treat other cancer cell lines viz. human neuroblastoma cells IMR-32; human mammary epithelial cells HBL-100 and human osteosarcoma U2OS in order to check its anti proliferative action on these cell lines using MTT assay. A considerable difference was found in the sensitivity of the three cell lines to walnut extract SPS-1 as is clearly depicted in Fig. 2 . The results indicated that U2OS cells were sensitive to this extract exhibiting 17.3% cell viability as compared to IMR-32 and HBL-100 cells which showed 46.5 and 61.5% cell viability which was insignificant. Interestingly, it was found that walnut extract SPS 1 at a concentration of 1-2 mg/ml was much potent antiproliferative agent than the positive control (Ethyl pyruvate) itself. Additionally, antiproliferative activity of SPS 1 extract was also determined by estimating the production of nitric oxide (NO) in IMR-32, HBL-100 and U2OS cells using Griess assay (Fig. 3) . The results obtained in all the three cell lines were in agreement with the percentage of viability obtained by MTT assay. Furthermore, in order to calculate IC 50 of SPS1 in U2OS cells, a concentration gradient (0, 0.1, 0.25, 0.5, 1 and 2 mg/ml) of methanolic walnut extract (SPS 1) was set up. IC 50 value is defined as the amount of extract that inhibits 50% of cell growth (Fig. 4) . From our experiments it was determined that SPS 1 extract showed potent anti-proliferative effect with IC 50 at 0.5 mg/ml against U2OS cells. Finally, optimized IC 50 value i.e., 0.5 mg/ml of all methanolic extract walnut samples (WGB 13, SULAIMAN, CITH W16, GKS 1, AMC 5 and SPS 1) was used to evaluate their anti-proliferative activity against U2OS cancer cell line (Fig. 5) . All the six walnut extracts showed significant anti-proliferative activity on U2OS cells. Among all the extracts, SULAIMAN showed strongest antiproliferative effect with 16.5% cell viability followed by GKS (24.1%), WGB 13 (32.6%), CITH W16 (46.8%), AMC 5 (48.2%) and SPS 1 (54.4%). The results obtained herein strongly indicate that walnut tree constitutes an excellent source of effective natural antioxidants and chemo-preventive agents that can act as anti cancer agents.
Discussion
Walnuts possess diverse exclusive and dominant antioxidants that are obtainable in scanty eatables. This comprises plant phenolics, flavonoids, and flavonols with antioxidants and powerful free-radical scavenging and investigation has revealed that walnut polyphenols might assist in averting of drug-induced liver damage. Several research reports potential antioxidant properties of walnut leaves which is rich source of phytochemicals utilized in conventional medicines for prevention of venous paucity, hemorrhoids, hypoglycemia, diarrhoea, and other allied pathogenic infections Oliveira et al. 2008 ).
Infusions of walnut leaves are also used in conventional medicine system. The shell is employed as filtration media to decant crude oil from water and the walnut green husk is the fundamental substance for the conventional walnut fluid. The results obtained by Oliveira et al. (2008) exhibited the prospective of this economical natural resource of phenolic components having antiradical and antimicrobial potential. However, it has been established that there exists significant extent of disparity amongst the cultivars evaluated which was quite relevant with concentration of phenolics in each walnut cultivar investigated ) and in many other horticultural crops, including blueberry, apple and plum. Further it was established there is strong association between phenolics composition in walnut leaves and ecophysiology of environment and ontogeny of walnut cultivar. The observations has confirmed that walnut leaves harvested in July and late September exhibit higher antioxidant potential due to higher accumulation of phenolics at this stage. Data procured from total phenols in walnut leaves might be utilized in execution of harvesting time to procure best walnut products. Walnut extracts of 0.5 mg/ml exhibit 90.2-92.6% DPPH activity . Total phenolic contents in walnut green husks varying from 15.15 to 108.11 mg GAE of extract and the flavonoid concentration ranging from 3.59 to 22.91 mg QE per gram of leaf extract (Ghasemi et al. 2011 ) whereas the total phenolic content of the extracted walnut oils from all selected cultivars ranged from 0.18 GAE/g to 0.31 GAE/g (Gharibzahedi et al. 2014) .
Quercetin is chemically the principal compound of flavonoid class and important component of human diet. Quercetin is established reference compound having extensive defense features of flavonoids class. Quercetin exhibit higher in vitro anti-proliferative activity aligned with ovarian, breast and stomach cancer cell lines. Quercetin has validated its potential in clinical research investigations. Our data anticipated that walnut extract has incredible potential to contribute electron to ROS and convert them to relatively higher stable reactive species and conclude free radical reaction activity Qamar and Sultana 2011) . Walnuts (J. regia L.) contain kernels that have high content of oil. It varies widely (52-75%), depending on the variety, cultivation, place of growing and irrigation of walnut trees. The observations regarding oil yield are in concordance with earlier research investigations in walnut kernel. These studies confirm about 60% oil content however certain walnut cultivars exhibit range from 52 to 70% depending on ecophysiology of habitat (Li et al. 2014) . Pereira et al. (2008) recorded oil yield in the range of 78.83-82.4% which was more than earlier reports. However our study confirmed more oil yield in selected genotypes than earlier reported. Conversely, due to viable relevance of kernel oil, walnut can be used as prospective for nutrition supplements. Our results are at par with the findings of other researchers. As reported by Kazankaya et al. (2001) in Turkey, nut as well as kernel weight and kernel ratio of superior walnut genotypes were 11-12 g, 6-7 g and more than 45%, respectively. As per Ebrahimi et al. (2011) , the nut weight varied from 7.52 to 17.73 g, kernel weight from 4.00 to 9.83 g, and kernel percentage ratio from 38.78 to 67.05% amongst calculated genotypes. The possible mechanism for effective antioxidant potential of walnut may be due to presence of anti-oxidant compounds like quercetin and other phenolics which quench pool of free radicals and inactivate them thereby conferring protection of cell membrane and various compounds against deleterious effects. Further the walnut selections with comparatively high anti-oxidant capacity can possibly offer higher market value owing to consumer preference for nutraceutical rich walnuts (Delaviz et al. 2017) .
Our study confirms that investigated walnut genotypes exhibit higher antioxidant potential measured as percent inhibition. The major mechanism employed by natural antioxidants is their potential to scavenge free radicals prior to initiation of free radical chain reactions across cell membranes. DPPH assay owing to its simplicity has been extensively employed for evaluating antioxidant potential of diverse natural compounds. This assay is renowned for its accurate data acquisition on antioxidant activity of evaluated compounds. The rule underlying this assay in the color alteration of DPPH solution from purple to yellow as the radical is satiated by the antioxidant. The color transition was determined quantitatively via spectrophotometer absorbance at 517 nm and as free radicals are quenched by the extract, there is a decline in absorbance.
Methanolic extract of walnut leaf extract exhibited exceptionally higher anti-radical potential in quenching DPPH radical (analogous to the standard, Ascorbic acid). The study carried out by Carvalho et al. (2010) investigated phenolic fraction and antioxidant characteristics of methanolic and petroleum ether extracts resulting walnut (J. regia L.) seed, husk and leaf. This research illustrated highest phenolics fraction as well as correspondingly elevated levels of anti-oxidant potential in seeds, leaves and green husk in relevant order. On the contrary, petroleum ether display no or lower anti-oxidant potential. Rationally, methanolic extracts resulting from various walnut parts exhibited phenolic fraction than petroleum ether extracts. This information associates with the significant disparity in the solvent polarity and solubility of phenolic components in them. Actually, methanol (polar solvent) is believed as one of the best solvents for phenolics extraction. Cluster analysis pertaining to superlative genotypes exhibiting high DPPH and FRAP potential has been marked as CLUSTER 2, CLUSTER 5 and CLUSTER 6 having high accumulation of phenolics, flavonoids and quercetin respectively are represented in Fig. 6 The cluster 6 demonstrates higher number of quercetin rich genotypes than other metabolites. The concomitant increase in phenolics has been manifested in terms of antioxidant potential as described through the positive correlation (r = 0.53) between phenolics rich genotypes and their antioxidative potential. While as flavanoid/flavanol rich genotypes exhibited positive correlation (r = 0.37) with FRAP.
During recent years, oncologists are working extensively on natural anti-cancer plant based drugs. Walnut has been observed as an important folklore medicine for treatment of cancer. Numerous research reports has documented remarkable antiproliferative potential of walnut against HepG2 liver and Caco-2 colon cancer cells (Yang et al. 2009 ). Anti-cancer potential of walnut can be correlated with available phytoconstituents in walnut. In current study, we evaluated the inhibitory effects of various leaf extracts in three cancer cell lines IMR-32, HBL-100 and U2OS by MTT assay. Leaf extracts were screened on basis of maximum phenolics fraction and then evaluated against different cell lines. Since plant phenolics constitute one of the major groups of compounds and have a protective role in carcinogenesis, it was reasonable to determine their total amounts in various leaf extracts to discover if there is any correlation between anticancer properties and the amount of phenolic compounds. Following screening SPS-1 exhibited maximum response against three cell lines. Among cell lines, U2OS cells were most sensitive to this extract exhibiting 17.3% cell viability as compared to IMR-32 and HBL-100 cells. Previous research reports have also documented antiproliferative activity of methanolic walnut leaf extracts against A-498, 769-P renal, and Caco-2 colon cancer cells with IC50 ranging from 0.226 to [ 0.5 mg/ml (Carvalho et al. 2010) . Salimi et al. (2012) has also demonstrated chloroform fraction of walnut extract exhibit lowest IC50 values (0.36-0.81 mg/ml) against human oral squamous carcinoma (BHY), adenocarcinoma (HT-29) and breast adenocarcinoma (MCF7) cell lines and can induce cell cycle arrest following 24 h treatment. In contrast to our findings in which SPS-1 walnut extracts displayed IC50 value of 0.5 mg/ml against U2OS cells. Numerous other research reports confirmed antiproliferative effects of walnut extracts which modifies multiple gene targets within MCF-7 human breast cancer cells and reduce proliferation of these cells (Heuvel et al., 2012) .
Conclusion
Walnuts and methanolic extracts prepared from walnut leaves are known as resources of phytochemicals. These compounds can enhance the effect of other antioxidants, such as fat-soluble vitamins and low molecular water soluble substances. Moreover, the high content of antioxidant components in plants, decide on their significant role in the prevention of lifestyle diseases. The results indicated J. regia as bioactive source having antioxidant potential. Walnut fruit in the early stages of maturity contained significantly more biologically active compounds than in the later stages of fruit maturity. Particularly noteworthy is the activity of the compounds contained in the leaves of J. regia, which may be easily accessible source of valuable substances. 
